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(57) ABSTRACT

The present invention relates to a novel chrysene derivative
and an organic electronic device using the same. A chrysene
according to the present invention may act as a hole injection,
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ting material in an organic light emitting device and an
organic electronic device, and in particular, may be used
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1
CHRYSENE DERIVATIVES AND ORGANIC
ELECTRICAL DEVICE USING THE SAME

TECHNICAL FIELD

The present invention relates to a novel chrysene derivative
and an organic electronic device using the same. This appli-
cation is a national stage application of PCT/KR2009/
006779, filed on Nov. 18, 2009, which claims priority from
Korean Patent Application No. 10-2008-0114661 filed on
Nov. 18, 2008 in the KIPO, all of which are incorporated
herein by reference in their entirety.

BACKGROUND ART

An organic electronic device means a device that requires
exchanging of electric charges between electrodes using
holes and/or electrons and organic materials. The organic
electronic device may be largely divided into the following
categories according to an operation principle. First, there is
an electronic device in which an exciton is formed in an
organic layer by a photon that flows from an external light
source to the device, the exciton is separated into electrons
and holes, and the electrons and the holes are transferred to
the other electrodes and used as a current source (voltage
source). Second, there is an electronic device in which holes
and/or electrons are injected into an organic material semi-
conductor forming an interface in respects to the electrode by
applying a voltage or a current to two or more electrodes, and
the device is operated by the injected electrons and holes.

As examples of the organic electronic device, there are an
organic light emitting device, an organic solar cell, an organic
photoconductor (OPC), an organic transistor and the like, and
all of them require a hole injection or transport material, an
electron injection or transport material or a light emitting
material in order to drive the device.

Hereinafter, an organic light emitting device will be mainly
described in detail. However, in the organic electronic
devices, all of the hole injection or transport material, an
electron injection or transport material or a light emitting
material are operated on the basis of the similar principle.

In general, an organic light emitting phenomenon means a
phenomenon that converts electric energy into light energy by
using an organic material. The organic light emitting device
using the organic light emitting phenomenon has a structure
which generally comprises an anode, a cathode, and an
organic layer that is disposed between them. Herein, most
organic layers have a multilayered structure that comprises
different materials in order to increase efficiency and stability
of the organic light emitting device, and for example, it may
comprise a hole injection layer, a hole transport layer, a light
emitting layer, an electron transport layer, an electron injec-
tion layer and the like. In the organic light emitting device
structure, ifa voltage is applied between two electrodes, holes
are injected from an anode and electrons are injected from a
cathode to the organic material layer, and when the injected
holes and the electrons meet each other, an exciton is formed,
and light is emitted when the exciton falls to a bottom state. It
is known that this organic light emitting device has properties
such as magnetic light emission, high brightness, high effi-
ciency, low driving voltage, a wide viewing angle, high con-
trast, high speed response and the like.

In the organic light emitting device, the material that is
used in the organic material layer may be classified into a light
emitting material and an electric charge material, for
example, a hole injection material, a hole transport material,
an electron transport material, an electron injection material
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2

according to a function thereof. The light emitting material
may be classified into a high molecule type and a low mol-
ecule type according to the molecular weight, and a fluores-
cent material and a phosphorescent material according to a
mechanism of light emission. In addition, the light emitting
material may be classified into blue, green, and red light
emitting materials and yellow and orange light emitting mate-
rials in order to realize better natural colors according to the
emission color.

Meanwhile, in the case of when only one material is used as
a light emitting material, by interaction between molecules,
there are problems in that the maximum light emitting wave-
length moves to the long wavelength, the color purity is
lowered, or efficiency of the device is lowered because of
reduced effect of light emission. Therefore, in order to
increase color purity and increase emission efficiency
through transferring of energy, a host/dopant system may be
used as the light emitting material. The principle is that if a
small amount of dopant that has a smaller energy band gap
than a host forming the light emitting layer is mixed with the
light emitting layer, the exciton that is generated from the
light emitting layer is transported to the dopant to emit light at
high efficiency. At this time, since the wavelength of the host
is moved to the wavelength bandwidth of the dopant, a desired
wavelength of light may be obtained according to the kind of
dopant.

In order to sufficiently show excellent properties of the
above organic light emitting device, a material constituting
the organic material layer in the device, for example, the hole
injection material, the hole transport material, the light emit-
ting material, the electron transport material, the electron
injection material and the like should be supported by stable
and efficient materials. However, the development of a stable
and efficient organic material layer material for organic light
emitting devices has not yet been made. Therefore, there is a
demand for developing a novel material, and the demand for
developing the novel material is similarly applied to the other
organic electronic device.

DISCLOSURE
Technical Problem

The present invention has been made to solve the above
problems in the related art, and it is an object of the present
invention to provide a novel stable and efficient chrysene
derivative and an organic electronic device using the same.

Technical Solution

In order to solve the above object, an aspect of the present
invention provides a compound that is represented by the
following Formula 1.

[Formula 1]
R1

R2

R4

R5 R7

R6 X
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wherein

R1 is selected from the group consisting of substituted or
unsubstituted C,~C,, alkyl group; substituted or unsubsti-
tuted C;~C,, cycloalkyl group; substituted or unsubstituted
C,~C,, heterocycloalkyl group; substituted or unsubstituted
C,~C,, alkenyl group; substituted or unsubstituted C,~C,,
alkoxy group; substituted or unsubstituted amino group; sub-
stituted or unsubstituted C4,~C,, aryl group; substituted or
unsubstituted C;~C,, heteroaryl group that comprises O, N,
or S as a heteroatom; and substituted or unsubstituted C;~C,,,
heteroarylamine group that comprises O, N, or S as a heteroa-
tom,

R2 is selected from the group consisting of substituted or
unsubstituted C,~C,, alkyl group; substituted or unsubsti-
tuted C;~C,, cycloalkyl group; substituted or unsubstituted
C;~C,, heterocycloalkyl group; substituted or unsubstituted
C,~C,, alkenyl group; substituted or unsubstituted C,~C,,
alkoxy group; substituted or unsubstituted amino group; sub-
stituted or unsubstituted C,~C,,, aryl group; substituted or
unsubstituted C;~C,, heteroaryl group that comprises O, N,
or S as a heteroatom; substituted or unsubstituted C;~C,,
arylamine group; and substituted or unsubstituted C;~C,,
heteroarylamine group that comprises O, N, or S as a heteroa-
tom,

R3 to R7 are each independently selected from the group
consisting of hydrogen; substituted or unsubstituted C,~C,,
alkyl group; substituted or unsubstituted C;~C,, cycloalkyl
group; substituted or unsubstituted C,~C,, heterocycloalkyl
group that comprises O, N, or S as a heteroatom; substituted
or unsubstituted C,~C,, alkenyl group; substituted or unsub-
stituted C,~C,,, alkoxy group; substituted or unsubstituted
amino group; substituted or unsubstituted C,~C,, aryl group;
substituted or unsubstituted C;~C,, heteroaryl group that
comprises O, N, or S as a heteroatom; substituted or unsub-
stituted Cs~C,,,, arylamine group; and substituted or unsub-
stituted C;~C,, heteroarylamine group that comprises O, N,
or S as a heteroatom, and may form an aliphatic, aromatic,
heteroaliphatic or heteroaromatic condensate ring or a spiro
bond in conjunction with an adjacent group,

X is selected from the group consisting of hydrogen; sub-
stituted or unsubstituted C,~C,, alkyl group; substituted or
unsubstituted C;~C 4, cycloalkyl group; substituted or unsub-
stituted C,~C,,, heterocycloalkyl group that comprises O, N,
or S as a heteroatom; substituted or unsubstituted C,~C,,
alkenyl group; substituted or unsubstituted C,~C,, alkoxy
group; substituted or unsubstituted amino group; substituted
or unsubstituted C,~C,, aryl group; substituted or unsubsti-
tuted C;~C,, heteroaryl group that comprises O, N, or S as a
heteroatom; and substituted or unsubstituted C;~C,, het-
eroarylamine group that comprises O, N, or S as a heteroa-
tom, and may form an aliphatic, aromatic, heteroaliphatic or
heteroaromatic condensate ring or a spiro bond in conjunc-
tion with an adjacent group, and

all of R3 to R7, and X are not hydrogen

In order to accomplish the above object, a second aspect of
the present invention provides an organic electronic device
which comprises a first electrode, a second electrode, and one
or more organic material layers that are disposed between the
first electrode and the second electrode, wherein one or more
layers of the organic material layers comprise the compound
that is represented by Formula 1.

Advantageous Effects
A compound according to the present invention may act as

a hole injection, hole transport, electron injection and trans-
port, or light emitting material in an organic light emitting
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device and an organic electronic device, and the organic elec-
tronic device according to the present invention shows excel-
lent properties in terms of efficiency, a driving voltage, and
stability.

DESCRIPTION OF DRAWINGS

FIG. 1 is a schematic view that illustrates a structure of an
organic light emitting device according to an embodiment of
the present invention; and

FIG. 2 is a graph that illustrates an excitation wavelength
and a light emission wavelength of the film (200A) of a
compound 1-18.

BEST MODE

Hereinafter, the present invention will be described in more
detail.

An aspect of the present invention relates to a compound
that is represented by Formula 1.

The substituent group of Formula 1 will be described in
detail below.

In R2 to R7, in the case of when alkyl group, cycloalkyl
group, heterocycloalkyl group, alkenyl group, alkoxy group,
amino group, aryl group, heteroaryl group, arylamine group
and heteroarylamine group are substituted by the other func-
tional group, they are substituted by one or more groups that
are selected from the group consisting of halogen, deuterium,
amino group, nitrile group, nitro group, C,~C,,, alkyl group,
C,~C,, alkenyl group, C,~C,, alkoxy group, C;~C,,
cycloalkyl group, C,~C,, heterocycloalkyl group that com-
prises O, N or S as a heteroatom, C,~C,, aryl group and
C;~C,, heteroaryl group that comprises O, N or S as a het-
eroatom,

in R1 and X, in the case of when alkyl group, cycloalkyl
group, heterocycloalkyl group, alkenyl group, alkoxy group,
amino group, aryl group, heteroaryl group and heteroary-
lamine group are substituted by the other functional group,
they are substituted by one or more groups that are selected
from the group consisting of halogen, deuterium, nitrile
group, nitro group, C,~C,, alkyl group, C,~C,, alkenyl
group, C,~C,, alkoxy group, C;~C,, cycloalkyl group,
C,~C,, heterocycloalkyl group that comprises O, NorS asa
heteroatom, Cs~C,, aryl group and C;~C,,, heteroaryl group
that comprises O, N or S as a heteroatom.

In the case of when there is no specific description in
Formula 1, the alkyl group and alkoxy group have preferably
1 to 40 carbon atoms and more preferably 1 to 20 carbon
atoms. In addition, the alkenyl group has preferably 2 to 40
carbon atoms and more preferably 2 to 20 carbon atoms. In
addition, the aryl group has preferably 6 to 40 carbon atoms
and more preferably 6 to 20 carbon atoms. In addition, the
heteroring group has preferably 4 to 40 carbon atoms and
more preferably 4 to 20 carbon atoms. In addition, the aryl
amine group has preferably 6 to 60 carbon atoms and more
preferably 6 to 24 carbon atoms. In addition, the heteroary-
lamine group has preferably 4 to 60 carbon atoms and more
preferably 4 to 20 carbon atoms.

In the case of when there is no specific description in
Formula 1, the term “substituted or unsubstituted”” means that
it is substituted or unsubstituted by one or more substituent
groups that are selected from the group consisting of halogen
group, alkyl group, alkenyl group, alkoxy group, aryl group,
arylalkyl group, arylalkenyl group, heteroring group, carba-
zolyl group, fluorenyl group, nitrile group and acetylene
group, but they are not limited thereto.
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In Formula 1, R1 is selected from the group consisting of
substituted or unsubstituted C ,~C,, aryl group; substituted or
unsubstituted C;~C,,, heteroaryl group that comprises O, N
or S as a heteroatom; and substituted or unsubstituted C;~C,,,
heteroarylamine group that comprises O, N or S as a heteroa-
tom,

R2 may be selected from the group consisting of substi-
tuted or unsubstituted C,~C,, aryl group; substituted or
unsubstituted C;~C,,, heteroaryl group that comprises O, N
or S as a heteroatom; substituted or unsubstituted C;~C,,
arylamine group; and substituted or unsubstituted C;~C,,
heteroarylamine group that comprises O, N or S as a heteroa-
tom.

In addition, R1 is selected from the group consisting of
Co~Cyp aryl group; Co~C,, aryl group or Co~Csq aryl group
that comprises O, N or S as a heteroatom and substituted by
C,~C,, heteroaryl group; and C,~C,, heteroaryl group that is
substituted by Cs~C,, aryl group and comprises O, N or S as
a heteroatom, and

R2 may be selected from the group consisting of Cs~C,,
aryl group; C,~C,, aryl group that is substituted by C,~C,,
aryl group, C;~C,, heteroaryl group that comprises O, Nor S
as a heteroatom or Cs~C,, arylamine group; C;~C,, het-
eroaryl group that is substituted by C,~C,, aryl group and
comprises O, N or S as a heteroatom; and C,~C,,, arylamine
group.

It is preferable that detailed examples of R1 are selected
from the group consisting of substituent groups represented
by the following Structural Formulas, but they are not limited
thereto.
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In Formula 1, R3 to R7 may be all hydrogen or four of R3
to R7 and X may be hydrogen.

In the case of when R3 to R7 are all hydrogen, it is prefer-
ablethat X is selected from the group consisting of substituted
or unsubstituted C,~C,, aryl group; substituted or unsubsti-
tuted C;~C,, heteroaryl group that comprises O, Nor S as a
heteroatom; and substituted or unsubstituted C,~C,, het-
eroarylamine group that comprises O, N or S as a heteroatom.

In addition, in the case of when R3 to R7 are all hydrogen,
it is more preferable that X is selected from the group con-
sisting of C,~C,, aryl group; C,~C,, aryl group that is sub-
stituted by C~C,, aryl group, or C;~C,, heteroaryl group
that comprises O, N or S as a heteroatom; and C;~C,,, het-
eroaryl group that is substituted by C,~C,, aryl group and
comprises O, N or S as a heteroatom.

It is preferable that detailed examples of X are selected
from the group consisting of substituent groups represented
by the following Structural Formulas, but they are not limited
thereto.
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-continued

In the case of when four of R3 to R7 and X are hydrogen,
it is preferable that the substituent group except for hydrogen
among R3 to R7 is selected from the group consisting of
substituted or unsubstituted C ,~C,, aryl group; substituted or
unsubstituted C;~C,,, heteroaryl group that comprises O, N
or S as a heteroatom; substituted or unsubstituted C;~C,,
arylamine group; and substituted or unsubstituted C;~C,,
heteroarylamine group that comprises O, N or S as a heteroa-
tom.

In addition, in the case of when four of R3 to R7 and X are
hydrogen, it is more preferable that the substituent group
except for hydrogen among R3 to R7 is selected from the
group consisting of C,~C,, aryl group; C,~C,, aryl group
that is substituted by C,~C,, aryl group, C;~C,, heteroaryl
group that comprises O, N or S as a heteroatom or Cs~C,,
arylamine group; C;~C,, heteroaryl group that is substituted
by C~C,, aryl group and comprises O, N or S as a heteroa-
tom; and C4~C,, arylamine group.

In the case of when four of R3 to R7 and X are hydrogen,
it is preferable that the substituent group except for hydrogen
among R3 to R7 is selected from the group consisting of the
substituent groups represented by the following Structural
Formulas, but they are not limited thereto.
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In particular, in the compound according to the present
invention, R1 is selected from the group consisting of C,~C,,,
aryl group; Cs~C,, aryl group that is substituted by Cs~C,,
aryl group or C;~C ,, heteroaryl group that comprises O, N or
S as a heteroatom; and C;~C,,, heteroaryl group that is sub-
stituted by C¢~C,,, aryl group and comprises O, N or S as a
heteroatom; and R2 is selected from the group consisting of
C¢~C,q aryl group; C,~C,, aryl group that is substituted by
C~C,q aryl group, C;~C,, heteroaryl group that comprises
O, N or S as a heteroatom or C;~C,, arylamine group;
C,~C,, heteroaryl group that is substituted by C,~C,, aryl
group and comprises O, N or S as a heteroatom; and Cs~C,,
arylamine group; and

itis preferable that X and R7 that are symmetrical to R1 and
R2 with the center of the chrysene core are hydrogen, and at
least one of R3 to R6 is selected from the group consisting of
C~C, aryl group; C4~C,, aryl group that is substituted by
C~C,q aryl group, C;~C,, heteroaryl group that comprises
O, N or S as a heteroatom or C,~C,, arylamine group;
C;~C, heteroaryl group that is substituted by Cs~C, aryl
group and comprises O, N or S as a heteroatom; and C,~C,,,
arylamine group.

More preferably, R1 is selected from the group consisting
of C4~C, aryl group; C4~C,, aryl group that is substituted by
C¢~C,aryl group or C;~C,, heteroaryl group that comprises
O, N or S as a heteroatom; and C;~C,, heteroary] group that
is substituted by C~C,, aryl group and comprises O, N or S
as a heteroatom; R2 is selected from the group consisting of

10
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C~C,q aryl group; Co~C,,, aryl group that is substituted by
C~C,q aryl group, C;~C,, heteroaryl group that comprises
O, N or S as a heteroatom or Cs~C,, arylamine group;
C,~C,, heteroaryl group that is substituted by C,~C,, aryl
group and comprises O, N or S as a heteroatom; and Cs~C,,
arylamine group;

RS is selected from the group consisting of C~C,, aryl
group; C,~C,, aryl group that is substituted by C,~C,, aryl
group, C;~C,,, heteroaryl group that comprises O, NorSasa
heteroatom or Cs~C,, arylamine group; C;~C,, heteroaryl
group that is substituted by C,~C,, aryl group and comprises
O, N or S as a heteroatom; and C4~C,, arylamine group, and

R3,R4,R6,R7 and X are hydrogen, but they are not limited
thereto.

As described above, the compound that is represented by
Formula 1 according to the present invention may be a com-
pound that has at least three functional groups with the center
of chrysene core by comprising specific functional group on
at least one of R1 and R2, R3 to R7, and X.

In particular, in the compound according to the present
invention, in the case of when specific functional group is
comprised in R1, R2, and RS of Formula 1, the organic
electronic device that comprises the compound may show
improved properties such as efficiency, driving voltage, and
stability.

In the compound that is represented by Formula 1 accord-
ing to the present invention, detailed examples of each sub-
stituent group are described in the following Tables 1 to 6, but
they are not limited thereto.

TABLE 1
R3, R4, R6,
Formula R1 R2 RS X,R7
1-1 phenyl phenyl phenyl H
1-2 phenyl phenyl H
1-3 phenyl phenyl H
1-4 phenyl phenyl H
1-5 phenyl phenyl H
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TABLE 1-continued
R3, R4, R6,
Formula R1 R2 RS X, R7
1-6 phenyl phenyl E ; H
1-7 phenyl phenyl i i H
1-8 phenyl phenyl Q H
N
1-9 phenyl phenyl Q H
) O
1-10 phenyl phenyl H
1-11 phenyl phenyl H

9
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39 40
TABLE 1-continued

R3, R4, R6,
Formula R1 R2 RS X, R7
1-12 phenyl phenyl ' H
1-13 phenyl phenyl I H
1-14 phenyl phenyl ' H
1-15 phenyl phenyl I H
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41 42
TABLE 1-continued

R3, R4, R6,
Formula R1 R2 RS X, R7
1-16 phenyl phenyl H
1-17 phenyl phenyl H

1-18 phenyl phenyl H
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TABLE 1-continued
R3, R4, R6,
Formula R1 R2 RS X, R7
1-19 phenyl phenyl E H
1-20 phenyl phenyl E H
1-21 phenyl phenyl H
S
|
\_N
1-22 phenyl phenyl H
1-23 phenyl phenyl H
1-24 phenyl phenyl H
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TABLE 1-continued
R3, R4, R6,
Formula R1 R2 RS X, R7
1-25 phenyl phenyl H
1-26 phenyl phenyl H
1-27 phenyl phenyl H
1-28 phenyl phenyl H
1-29 phenyl O\ Q phenyl H
N
1-30 phenyl O phenyl H
) L0
1-31 phenyl 1 phenyl H
1-32 phenyl %‘ phenyl H
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TABLE 1-continued
R3, R4, R6,
Formula R1 R2 RS X, R7
1-33 phenyl ' phenyl H
1-34 phenyl I phenyl H
1-35 phenyl l phenyl H
1-36 phenyl I phenyl H
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49 50
TABLE 1-continued

R3, R4, R6,
Formula R1 R2 RS X, R7
1-37 phenyl phenyl H
1-38 phenyl phenyl H

1-39 phenyl phenyl H
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TABLE 1-continued
R3, R4, R6,
Formula R1 RS X, R7
1-40 phenyl phenyl H
1-41 phenyl phenyl H
1-42 phenyl phenyl H
1-43 phenyl phenyl H
1-44 phenyl H
1-45 phenyl H

S

(I
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TABLE 1-continued
R3, R4, R6,
Formula R1 R2 RS X, R7
1-46 ‘/‘/ phenyl i H
1-47 ‘/‘/‘ phenyl I H
1-48 ‘/‘/ phenyl l H
1-49 ‘/‘/ phenyl | H
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55 56
TABLE 1-continued

R3, R4, R6,
Formula R1 R2 RS X, R7
1-50 ‘/‘/ phenyl E H
1-51 ‘/‘/ phenyl E H
1-52 ‘/‘f‘ phenyl E H
1-53 phenyl O\ H
NJ\‘J
1-54 phenyl H
‘/‘/ QNO
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TABLE 1-continued

R3, R4, R6,
Formula R1 R2 RS X, R7
1-56 phenyl H
Q S OO
1-57 “4 phenyl i H
1-58 “,.F’J phenyl I H
1-59 phenyl l H
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TABLE 1-continued
R3, R4, R6,
Formula R1 R2 RS X, R7
1-60 phenyl | H
1-61 phenyl E H
1-62 phenyl E H
1-63 H

phenyl O
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61 62
TABLE 1-continued

R3, R4, R6,
Formula R1 R2 RS X, R7

1-64 - l phenyl H
N L

1-65 [ l phenyl : o H
N

1-67 phenyl H
Q S OO

1-68 phenyl j H

1-69 phenyl H
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TABLE 1-continued
R3, R4, R6,
Formula R1 R2 RS X, R7
1-70 phenyl H
1-71 phenyl H
1-72 phenyl ! H
1-73 phenyl H
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65 66
TABLE 1-continued

R3, R4, R6,
Formula R1 R2 RS X, R7
1-74 phenyl C H
1-75 phenyl @\ H
NJJJ
1-76 phenyl : /@N‘H H
N
: . ‘/‘/.Ii H
1-78 phenyl H
1-79 phenyl H
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67 68
TABLE 1-continued

R3, R4, R6,
Formula R1 R2 RS X, R7
1-80 j phenyl I H
1-81 ' phenyl l H
1-82 ' phenyl | H
1-83 j phenyl i H
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69 70
TABLE 1-continued

R3, R4, R6,
Formula R1 R2 RS X, R7
1-84 i phenyl E H
1-85 i phenyl E H
1-86 phenyl @\ H
‘ NJ\‘J
1-87 phenyl : Qj H
" N
) ? . ‘/‘/ H



US 9,200,196 B2

71 72
TABLE 1-continued

R3, R4, R6,
Formula R1 R2 RS X, R7
1-89 phenyl H
Q S OO
1-90 | phenyl j H
1-91 | phenyl I H
1-92 | phenyl l H
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73 74
TABLE 1-continued

R3, R4, R6,
Formula R1 R2 RS X, R7
1-93 l phenyl | H
1-94 | phenyl i H
1-95 | phenyl E' H
1-96 | phenyl O H
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75 76
TABLE 1-continued

R3, R4, R6,
Formula R1 R2 RS X, R7

1-97 phenyl @\ H
1-98 phenyl @\ Qﬁ H
O N

1-99

phenyl ‘ H

9
O~
3
O
9,

1-100

phenyl H
Q S OO

§
Y

1-101 phenyl H

9
&
»
-,

§
O~ OA
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TABLE 1-continued

R3, R4, R6,
Formula R1 R2 RS X, R7
1-102 O phenyl H
1-103 Q phenyl H
1-104 O phenyl H
1-105 phenyl ‘ H

9
O~0
9
v,
Oa®
W,
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TABLE 1-continued

R3, R4, R6,
Formula R1 R2 RS X, R7

1-106 C phenyl O H

. (L

1-107

phenyl O H

§
O~ =0
Y
§

§
Y

1-108

phenyl @\ H
(] v

§
O~
Y

1-109

~ O

§
O~
Y
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TABLE 2
R4, R5,R6,
Formula R1 R2 R3 X, R7
2-1 phenyl phenyl phenyl H

2-2 phenyl phenyl l l o~ H
2-3 phenyl phenyl O O H

2-4 phenyl phenyl H

2-5 phenyl phenyl Q H
N

2-6 phenyl phenyl 1 H

2-7 phenyl phenyl H

2-8 phenyl phenyl | H
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TABLE 2-continued
R4, R3, R6,
Formula R1 R2 R3 X, R7
2-9 phenyl phenyl i H
2-10 phenyl phenyl i H
2-11 phenyl phenyl \'/O’_,J H
|

2-12 phenyl phenyl H
2-13 phenyl O O phenyl H
2-14 phenyl

phenyl H
A O
\
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TABLE 2-continued
R4, R3, R6,
Formula R1 R2 R3 X, R7
2-15 phenyl /@N‘H phenyl H
N
2-16 phenyl 1 phenyl H
2-17 phenyl i phenyl H
2-18 phenyl l phenyl H
2-19 phenyl | phenyl H
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87 88
TABLE 2-continued

R4, R5,R6,
Formula R1 R2 R3 X, R7

2-20 phenyl E phenyl H

2-21 phenyl E phenyl H

2-22 phenyl phenyl H
N
=

=N

2-23 phenyl H
Q S OO
U

2-24 phenyl H
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89 90
TABLE 2-continued

R4, R5,R6,
Formula R1 R2 X, R7
2-25 phenyl H

phenyl

phenyl

2-28 phenyl

2-29 phenyl

988 % %

&8 %
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91 92
TABLE 2-continued

R4, R5,R6,
Formula R1 R2 R3 X, R7
2-30 [ [ phenyl ‘ H
2-31 H

[ phenyl

v,
9
O~0
3

2-32 - [ phenyl

o
Q

2-33

phenyl H
Q $ OO
|

phenyl H
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93 94
TABLE 2-continued
R4, R3, R6,
Formula R1 R2 R3 X, R7
2-35 henyl H
| \ pheny.
S S
U
2-36 henyl H
| \ pheny.
- ®
2-37 henyl H
| \ pheny.
W N
2-38 phenyl H
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95 96
TABLE 2-continued

R4, R5,R6,
Formula R1 R2 R3 X, R7
2-39 ' phenyl H
2-40 ’ phenyl H
2-41 ' phenyl E H
2-42 phenyl @\ H
NJ\‘J
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TABLE 2-continued
R4, R3, R6,
Formula R1 R2 R3 X, R7
) ? . ‘/‘/‘ H
2-44 | phenyl ' H
2-45 | phenyl l H
2-46 | phenyl i H
2-47 l phenyl H

-
™
%
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99 100
TABLE 2-continued

R4, R5,R6,
Formula R1 R2 R3 X, R7

2-48 phenyl : Q H

o
- |
oy .
% ;
99
- |
™ >
9 P
®
g



US 9,200,196 B2

101 102
TABLE 2-continued

R4, R5,R6,
Formula R1 R2 R3 X, R7

2-52 O phenyl H

O‘
L

2-53 O phenyl H
g X
TABLE 3
R3,R4,R5,
Formula R1 R2 R6 X, R7
3-1 phenyl phenyl phenyl H

3-2 phenyl phenyl “H H
3-3 phenyl phenyl H
Q S OO

3-4 phenyl phenyl H

%,
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TABLE 3-continued
R3, R4, RS,
Formula R1 R2 R6 X, R7
3-5 phenyl phenyl Q H
) O
3-6 phenyl phenyl 1 H
3-7 phenyl phenyl l H
3-8 phenyl phenyl | H
3-9 phenyl phenyl E- H
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105 106
TABLE 3-continued

R3,R4,R5,
Formula R1 R2 R6 X, R7
3-10 phenyl phenyl H
3-11 phenyl phenyl H

3_12 ) ‘/‘/ H

3-13 phenyl O O phenyl H
3-14 phenyl O O phenyl H

3-15 phenyl : o phenyl H
N

3-16 phenyl 1 phenyl H

&
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TABLE 3-continued
R3, R4, RS,
Formula R1 R2 R6 X, R7
3-17 phenyl j phenyl H
3-18 phenyl | phenyl H
3-19 phenyl | phenyl H
3-20 phenyl E phenyl H
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TABLE 3-continued
R3, R4, RS,
Formula R1 R2 R6 X, R7
3-21 phenyl O phenyl H
3-22 phenyl phenyl H
3-23 phenyl H
S OO
3-24 phenyl H
2-25 phenyl H
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111 112
TABLE 3-continued

R3, R4, RS,
Formula R1 R2 R6 X, R7
) ‘/‘/ - E l o )
3-27 “H‘ phenyl ‘/‘/ H
3-28 “ﬂ‘ phenyl i H
3-29 “HJJ[ phenyl | H
3-30 l l Y phenyl i‘ H
3-31 l ' o~ phenyl H

(J
(D
g
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113 114
TABLE 3-continued
R3, R4, RS,
Formula R1 R2 R6 X, R7
3-32 “ﬂfi - phenyl : : ~ H
é
3-33 henyl H
| \ pheny.
S S Q S OO
\ g
3-34 henyl H
| \ pheny.
S S
(]
3-35 henyl H
| \ pheny.
S S
QL
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TABLE 3-continued
R3, R4, RS,
Formula R1 R2 R6 X, R7
3-36 phenyl i H
3-37 phenyl H
NJ\‘J
3-38 phenyl H
3-39 phenyl H
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117 118
TABLE 3-continued

R3,R4,R5,
Formula R1 R2 R6 X, R7
3-40 i phenyl | H
3-41 i phenyl E H
3-42 phenyl @\ H
’ N'rﬁ
3_43 ‘ l ‘ ) ‘/‘/ H
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119 120
TABLE 3-continued

R3,R4,R5,
Formula R1 R2 R6 X, R7
3-44 | phenyl ' H
3-45 | phenyl ' H
3-46 l phenyl i‘ H
3-47 l phenyl E H
3-48 phenyl Q H
N
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121 122
TABLE 3-continued
R3, R4, RS,
Formula R1 R2 R6 X, R7
3-49 phenyl H
‘ Q $ OO
@ -
3-50 phenyl H

3-51

3-52

phenyl H

phenyl
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TABLE 3-continued
R3,R4,R5,
Formula R1 R2 R6 X, R7
3-53 O phenyl H
N'rJJ
TABLE 4
R3,R5,R6,
Formula R1 R2 R4 X, R7
4-1 phenyl phenyl phenyl H
4-2 phenyl phenyl “ﬂ H
4-3 phenyl phenyl O O H
%
4-4 phenyl phenyl H
NJ\‘J
4-5 phenyl phenyl O H
L D
4-6 phenyl phenyl H
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TABLE 4-continued
R3, RS, R6,
Formula R1 R2 R4 X, R7
4-7 phenyl phenyl I H
4-8 phenyl phenyl l H
4-9 phenyl phenyl i H
4-10 phenyl phenyl I H
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TABLE 4-continued
R3, RS, R6,
Formula R1 R2 R4 X, R7
4-11 phenyl phenyl H
S
\ ¢
4-12 phenyl ‘/‘/ phenyl H
4-13 phenyl O O phenyl H
4-14 phenyl O phenyl H
(O -
4-15 phenyl /Or,—l phenyl H
é
4-16 phenyl 1 phenyl H
4-17 phenyl ' phenyl H
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TABLE 4-continued
R3, RS, R6,
Formula R1 R2 R4 X, R7
4-18 phenyl l phenyl H
4-19 phenyl | phenyl H
4-20 phenyl E phenyl H
4-21 phenyl O

™
5
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TABLE 4-continued
R3, RS, R6,
Formula R1 R2 R4 X, R7
4-22 phenyl phenyl H
4-23 phenyl H
voe
4-24 ‘/‘/ phenyl l H
4-25 ‘/‘/ phenyl H
4-26 ‘/‘/ phenyl H
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TABLE 4-continued
R3, RS, R6,
Formula R1 R2 R4 X, R7

b “ h ‘/‘/ H
4-28 “ phenyl j H
4-29 “,J-r‘ phenyl l H
4-30 “—H phenyl i‘ H
431 “,ﬁ phenyl O H
4-32 “/.H phenyl

®



US 9,200,196 B2

135 136
TABLE 4-continued
R3, RS, R6,
Formula R1 R2 R4 X, R7
4-33 S / \ phenyl O O H
S S
\ / Q (7
4-34 S / \ phenyl H
S
\ O
4-35 S / \ phenyl H
S
\ / O
4-36 g / \ phenyl H
S
\_/
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137 138
TABLE 4-continued
R3, RS, R6,
Formula R1 R2 R4 X, R7
4-37 phenyl H
so A\
\ / ° o~
é
4-38 phenyl ‘ ‘ H
“ |
4-39 phenyl H
4-40 phenyl H
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139 140
TABLE 4-continued

R3, R5, R6,
Formula R1 R2 R4 X, R7
441 i phenyl H
4-42 phenyl @\ H
‘ N"J‘r
4-43 | phenyl ‘/‘/ H
4-44 l phenyl ' H
4-45 l phenyl ' H
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141 142
TABLE 4-continued

R3, R5,R6,
Formula R1 R2 R4 X, R7

4-46 phenyl ‘ H

4-47 phenyl

()
(O )
()
080
SO
&

4-48 phenyl @\ /@/_PH H
N

4-49

phenyl H

phenyl H

&

§
O~ OF <0
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143 144
TABLE 4-continued

R3, R5,R6,
Formula R1 R2 R4 X, R7

- H
oy
%

4-52 Q phenyl H

4-53 Q phenyl H
C NJ\‘J
TABLE 5
R3,R4,R5,
Formula R1 R2 X R6, R7
5-1 phenyl phenyl H

5-2 phenyl phenyl “ H
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TABLE 5-continued
R3, R4, RS,
Formula R1 R2 X R6, R7
5-3 phenyl phenyl H
5-4 phenyl phenyl O H
o8 g
5-5 phenyl phenyl 1 H
5-6 phenyl phenyl I H
5-7 phenyl phenyl l H
5-8 phenyl phenyl E‘ H
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TABLE 5-continued
R3, R4, RS,
Formula R1 R2 X R6, R7
5-9 phenyl phenyl H
5-10 phenyl phenyl H
O

\ /

N
5-11 phenyl ‘/‘/ phenyl H
5-12 phenyl O O phenyl H
5-13 phenyl phenyl H
5-14 phenyl Q phenyl H

N

5-15 phenyl phenyl H
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TABLE 5-continued
R3, R4, RS,
Formula R1 R2 X R6, R7
5-16 phenyl j phenyl H
5-17 phenyl l phenyl H
5-18 phenyl | phenyl H
5-19 phenyl E phenyl H
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151 152
TABLE 5-continued

R3, R4, RS,
Formula R1 R2 X R6, R7

5-20 phenyl O phenyl H

5-21 phenyl phenyl H

5-22 phenyl H

5-23 phenyl H

5-24 phenyl
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153 154
TABLE 5-continued

R3, R4, R5,

Formula R1 R2 X R6, R7
5-25 ‘/‘/ phenyl E H
5-26 phenyl ‘/‘/‘ H
5-27 phenyl j H
5-28 phenyl l H
5-29 “—r‘ phenyl i‘ H
5-30 “—N phenyl H

~
™
%
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155 156
TABLE 5-continued
R3, R4, RS,
Formula R1 R2 X R6, R7
5-31 g / \ phenyl O O H
S S
\_/ Q (7
5-32 g / \ phenyl H
S
\ / O
5-33 g / \ phenyl H
S
\ / O
5-34 g / \ phenyl H
S
\ /
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157 158
TABLE 5-continued
R3, R4, RS,
Formula R1 R2 X R6, R7
535 phenyl H
‘ Q S OO

5-36 ' phenyl I H
5-37 ' phenyl | H
5-38 ' phenyl
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159 160
TABLE 5-continued

R3,R4,R5,
Formula R1 R2 X R6, R7
5_39 ‘ i ‘ ) ‘/‘/ H
5-40 l phenyl j H
5-41 l phenyl l H
5-42 ' phenyl i H
5-43 l phenyl O H
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161 162
TABLE 5-continued

R3,R4,R5,
Formula R1 R2 X R6, R7
5-44 phenyl H
C o A OO
5-45 O phenyl H
5-46 phenyl H

9
O~0
9
&
v,

5-47

phenyl O H

§
O+
Y
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TABLE 6
R3,R4,R5,
Formula R1 R2 R7 R6,X
6-1 phenyl phenyl phenyl H
6-2 phenyl phenyl “f‘ H
6-3 phenyl phenyl H
6-4 phenyl phenyl H
NJJJ
6-5 phenyl phenyl O H
OAD

6-6 phenyl phenyl 1 H
6-7 phenyl phenyl H
6-8 phenyl phenyl
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TABLE 6-continued
R3, R4, RS,
Formula R1 R2 R7 R6,X
6-9 phenyl phenyl i H
6-10 phenyl phenyl 2 H
6-11 phenyl phenyl H
O

\ /

N
6-12 phenyl phenyl H
6-13 phenyl O O phenyl H
6-14 phenyl H

O

OO "

\ /



US 9,200,196 B2

TABLE 6-continued
R3, R4, RS,
Formula R1 R2 R7 R6,X
6-15 phenyl /@,ﬂ phenyl H
N
6-16 phenyl 1 phenyl H
6-17 phenyl j phenyl H
6-18 phenyl | phenyl H
6-19 phenyl | phenyl H
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169 170
TABLE 6-continued

R3, R4, RS,
Formula R1 R2 R7 R6,X

6-20 phenyl E phenyl H

6-21 phenyl E phenyl H

phenyl H
N
A

=N

6-22 phenyl

6-23 phenyl H

6-24 phenyl H
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171 172
TABLE 6-continued

R3, R4, RS,

Formula R1 R2 R6,X

R7
phenyl | H

‘I
g
o
o
04

phenyl

phenyl
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173 174
TABLE 6-continued
R3, R4, RS,
Formula R1 R2 R7 R6,X
6-30 “—r" ‘ phenyl ‘ H
6-31 “—P" ‘ phenyl O H
6-32 “—l" ‘ phenyl : /@,ﬂ H
N
6-33 / \ phenyl H
S
: yoo
\ / Q
\ /
6-34 phenyl H

\ /

[\
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175 176
TABLE 6-continued
R3, R4, RS,
Formula R1 R2 R7 R6,X
6-35 g / \ phenyl H
S
\_/ O
6-36 g / \ phenyl H
S
\ / l
6-37 g / \ phenyl H
S
L) "
6-38 phenyl H
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177 178
TABLE 6-continued

R3, R4, RS,
Formula R1 R2 R7 R6,X
6-39 ' phenyl H
6-40 ' phenyl H
6-41 ' phenyl E H
6-42 phenyl @\ H
NJJJ
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179 180
TABLE 6-continued

R3,R4,R5,
Formula R1 R2 R7 R6,X
6-43 | phenyl ‘/‘/‘ H
6-44 | phenyl i H
6-45 | phenyl l H
6-46 | phenyl E‘ H
6-47 l phenyl O H
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181 182
TABLE 6-continued

R3, R4, RS,
Formula R1 R2 R7 R6,X

6-48 phenyl @\ H
o iNj/C
phenyl H

phenyl I H
phenyl | H

{9
==
Y

&

9
O~0
3
&
O

6-51

§
O
Y
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183 184
TABLE 6-continued

R3, R4, RS,
Formula R1 R2 R7 R6,X

6-52 O phenyl H

- |
™ |
%

%,

In addition, in Formula 1, X and R3 to R7 may be hydro- 49 -continued
gen. R2
The compound that is represented by Formula 1 may be %
manufactured according to the following method. First, the
compound A is manufactured according to the method of -
Journal of Organic Chemistry 2005, 70, 3511-3517, and the *°
manufacturing is described below.
HO
Reaction Equation 1
50
(6] 1
+
B R2
o 55
HO
60 HO
Br — [compound A]

| | The compound B or compound C that is the final target is
65 obtained by connecting two R1 and R2 functional groups of
R2 the synthesized compound A that is subjected to Suzuki cou-

pling.
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185
I
R2
[Pd]
P —
O R1—B(OH),
HO
[compound A]
RI
R2
[Pd]
_—
‘ R5—B(OH),
HO
[compound B]
RI
R2

R5
[compound C]

A second aspect of the present invention relates to an
organic electronic device which comprises a first electrode, a
second electrode, and one or more organic material layers that
are disposed between the first electrode and the second elec-
trode, wherein one or more layers of the organic material
layers comprise the compound that is represented by Formula
1.

Herein, the organic material layer may comprise a hole
injection layer and a hole transport layer, and the hole injec-
tion layer and the hole transport layer may comprise the
compound that is represented by Formula 1.

In addition, the organic material layer comprises a light
emitting layer, and the light emitting layer comprises the
compound of Formula 1.

In addition, the organic material layer comprises an elec-
tron transport layer, and the electron transport layer com-
prises the compound of Formula 1.

At this time, it is preferable that the organic electronic
device is selected from the group consisting of an organic
light emitting device, an organic solar cell, an organic photo-
conductor (OPC), and an organic transistor.

The compound that is represented by Formula 1 may be
formed to the organic material layer by using a vacuum depo-
sition method and a solution coating method when the organic
electronic device is manufactured. In connection with this,
illustrative, but non-limiting, examples of the solution coat-
ing process comprise a spin coating process, a dip coating
process, an inkjet printing process, a screen printing process,
a spray process, and a roll coating process.

The organic electronic device of the present invention may
be produced using known materials through a known process,
modified only in that at least one layer of organic material
layer(s) comprise the compound of the present invention, that
is, the compound of Formula 1.

The organic material layer of the organic electronic device
according to the present invention may have a single layer

w
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structure, or a multilayered structure in which two or more
organic material layers are layered. For example, the organic
electronic device according to the present invention may have
a structure that comprises a hole injection layer, a hole trans-
port layer, a light emitting layer, an electron transport layer,
and an electron injection layer as an organic material layer.
However, the structure of the organic electronic device is not
limited to this, but may comprise a smaller number of organic
material layers.

Furthermore, the organic electronic device of the present
invention may be produced, for example, by sequentially
layering a first electrode, organic material layer(s), and a
second electrode on a substrate. In connection with this, a
physical vapor deposition (PVD) method, such as a sputtering
method or an e-beam evaporation method, may be used, but
the method is not limited to these.

As the anode material, in general, it is preferable to use the
material having the large work function so as to smoothly
perform hole injection into the organic material layer. As
examples of the anode material that is capable of being used
in the present invention, there are metal or alloy thereof such
as vanadium, chrome, copper, zinc, gold and the like; metal
oxides such as zinc oxides, indium oxides, indium tin oxides
(ITO), indium zinc oxides (IZO) and the like; a combination
of metal and oxides such as ZnO: Al or SnO,:Sb; conductive
polymers such as poly(3-methyl compound), poly[3,4-(eth-
ylene-1,2-dioxy) compound](PEDT), polypyrole and polya-
niline, but it is not limited thereto.

As the cathode material, in general, it is preferable to use
the material having the small work function so as to smoothly
perform electron injection into the organic material layer. As
detailed examples of the cathode material, there are metal
such as magnesium, calcium, sodium, potassium, titanium,
indium, yttrium, lithium, gadolinium, aluminum, silver, tin,
and lead or an alloy thereof; a multilayered structure material
such as LiF/Al or LiO,/Al, but it is not limited thereto.

The hole injection material is a material that is capable of
well receiving holes from the anode at a low voltage, and it is
preferable that the HOMO (highest occupied molecular
orbital) of the hole injection material is a value between the
work function of the anode material and the HOMO of the
organic material layer around them. As detailed examples of
the hole injecting material, there are organic materials of
metal porphyrin, oligothiophene and arylamine series,
organic materials of hexanitrile hexaazatriphenylene and
quinacridone series, organic materials of perylene series, and
conductive polymers of anthraquinone, polyaniline, and
polythiophene series, but they are not limited thereto.

The hole transport material is a material that receives the
holes from the anode or the hole injection layer and transfer
them to the light emitting layer, and it is preferable to use the
material having the large mobility to the holes. As detailed
examples thereof, there are arylamine-based organic mate-
rial, a conductive polymer, and a block copolymer in which a
conjugate portion and a conjugate portion are simultaneously
comprised, but it is not limited thereto.

The light emitting material is a material that receives the
holes and the electrons from the hole transport layer and the
electron transport layer, combines them, such that light at a
range of visible rays is emitted, and it is preferable to use the
material having excellent photon efficiency to fluorescence or
phosphorescence. As detailed examples thereof, there are a
8-hydroxy-quinoline aluminum complex (Alq,); a carbazole-
based compound; a dimerized styryl compound; BAlg;
10-hydroxybenzoquinoline-metal compound; a benzox-
azole, benzthiazole and benzimidazole-based compound; a
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poly(p-phenylenevinylene) (PPV)-based polymer; a spiro
compound; polyfluorene, lubrene, and the like, but it is not
limited thereto.

The hole transport material is a material that receives the
holes from the anode or the hole injection layer and transfer
them to the light emitting layer, and it is preferable to use the
material having the large mobility to the holes. As detailed
examples thereof, there are a 8-hydroxyquinoline Al com-
plex; a complex comprising Alqs; an organic radical com-
pound; a hydroxyflavone metal complex and the like, but it is
not limited thereto.

The organic light emitting device according to the present
invention may be a top emission type, a bottom emission type,
or a both-sided emission type according to the used material.

The compound according to the present invention may be
applied to an organic electronic device such as an organic
solar cell, an organic photoconductor, an organic transistor
and the like by the principle that is similar to the principle of
the organic light emitting device.

MODE FOR INVENTION

The method for manufacturing the compound of Formula 1
and the manufacturing of an organic light emitting device
using the same will be described in detail in Preparation
Examples and Examples. However, the Preparation
Examples and Examples are set forth to illustrate the present
invention, but the scope of the present invention is not limited
thereto.

PREPARATION EXAMPLE

In general, the compound of Formula 1 according to the
present invention can be manufactured with multistage
chemical reactions. That is, some intermediate compounds
are first manufactured, and the compounds of Formula 1 are
manufactured from the intermediate compounds. The exem-
plified intermediate compounds are the following com-
pounds. In the compounds, “Br” may be substituted by any
other reactive atom or functional group.

[compound S-1]

HO
[compound S-2]
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[compound A-1]

HO

[compound B-1]

HO

[compound S-3]

H-C4F9 —S—F

[compound C-1]

C4sFe—S—0

[compound B-2]

HO
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CyFg—S—0

e}

B\O

e}

OO B\O
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compound C-2]

[compound S-4]

[compound S-5]
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[compound S-6]

e}

Molecular Weight = 506.46
[compound S-7]

Molecular Weight = 506.46
[compound S-8]
HO OH

\B/

Molecular Weight =348.21

Preparation Example 1

Preparation of the Compound S-2

1-bromo-2-(2-phenylethynyl)-benzene (10 g, 38.9 mmol),
the compound S-1 (10.5 g, 38.9 mmol), and potassium phos-
phate (K;PO,, 24.7 g, 116.5 mmol) were suspended in the
mixture of THF (200 mL) and water (200 mL). To the sus-
pension solution, tetrakis(triphenylphosphine)palladium
(898 mg, 1.83 mmol) was applied. The mixture was refluxed
and agitated for about 24 hours, and the refluxed mixture was
cooled to room temperature. The organic material layer was
separated, washed with water, and the aqueous layer was
extracted with chloroform. The organic extract was dried on
magnesium sulfate and concentrated under the vacuum to
synthesize the compound S-2 (10.5 g, yield 84%).
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Preparation Example 2
Preparation of the Compound A-1

After the compound S-2 (10.7 g, 33.4 mmol) that was
manufactured in Preparation Example 1 was dissolved in
CHCI; (100 mL), ICI (33.4 mL, 1M sol, 33.4 mmol), slowly
dropped, and agitated for 12 hours. The formed solid was
filtered, washed with hexane, and dried to prepare the com-
pound A-1 (7.02 g, yield 47%).

Preparation Example 3
Preparation of the Compound B-1

The compound A-1 (7.02 g, 15.7 mmol) that was manufac-
tured in Preparation Example 2, phenyl boronic acid (2.30 g,
18.9 mmol), and potassium phosphate (K,PO,, 6.67 g, 31.4
mmol) were suspended in the mixture of THF (200 mL.) and
water (50 mL). To the suspension solution, tetrakis(triph-
enylphosphine)palladium (363 mg, 0.31 mmol) was applied.
The mixture was refluxed and agitated for about 24 hours, and
the refluxed mixture was cooled to room temperature. The
organic material layer was separated, washed with water, and
the aqueous layer was extracted with chloroform. The organic
extract was dried on magnesium sulfate and concentrated
under the vacuum to prepare the compound B-1. The B-1 was
not purified and used in Preparation Example 4.

Preparation Example 4
Preparation of the Compound C-1

The compound B-1 (6.2 g, 15.6 mmol) that was manufac-
tured in Preparation Example 3, S-3 (5.22 g, 17.3 mmol) and
potassium carbonate (6.10 g, 46.9 mmol) were suspended in
the mixture of THF (100 mL) and water (100 mL). The
mixture was maintained for about 24 hours at 50° C. This
mixture was cooled to room temperature. The separated
organic layer was dried on magnesium sulfate and concen-
trated. Thereafter, it was recrystallized on chloroform and
methyl alcohol to obtain the compound C-1 (4.85 g, 47%).

Preparation Example 5
Preparation of the Compound 1-18

The compound C-1 (4.85 g, 7.1 mmol) that was manufac-
tured in Preparation Example 4, the compound S-4 (3.98 g,
7.1 mmol), and potassium phosphate (K;PO,, 3.0 g, 14.2
mmol) were suspended in the mixture of THF (100 mL.) and
water (100 mL). To the suspension solution, tetrakis(triph-
enylphosphine)palladium (165 mg, 0.143 mmol) was
applied. The mixture was refluxed and agitated for about 24
hours, and the refluxed mixture was cooled to room tempera-
ture. The organic material layer was separated, washed with
water, and the aqueous layer was extracted with chloroform.
The organic extract was dried on magnesium sulfate and
recrystallized on THF/ethyl acetate to obtain the compound
1-18 (4.18 g, 73%).

[M+H]+=809

Preparation Example 6
Preparation of the Compound B-2

The compound A-1 (6.00 g, 13.4 mmol) that was manufac-
tured in Preparation Example 2, naphthalene 2-boronic acid
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(2.77 g, 16.1 mmol), and potassium phosphate (K;PO,, 5.68
g, 26.8 mmol) were suspended in the mixture of THF (100
ml) and water (50 mL). To the suspension solution, tetrakis
(triphenylphosphine)palladium (309 mg, 0.27 mmol) was
applied. The mixture was refluxed and agitated for about 24
hours, and the refluxed mixture was cooled to room tempera-
ture. The organic material layer was separated, washed with
water, and the aqueous layer was extracted with chloroform.
The organic extract was dried on magnesium sulfate and
concentrated under the vacuum to prepare the compound B-2.
The B-2 was not purified and used in Preparation Example 7.

Preparation Example 7

Preparation of the Compound C-2

The compound B-2 (5.98 g, 13.4 mmol) that was manufac-
tured in Preparation Example 6, S-3 (4.45 g, 14.7 mmol) and
potassium carbonate (3.49 g, 26.8 mmol) were suspended in
the mixture of THF (100 mL) and water (100 mL). The
mixture was maintained for about 24 hours at 50° C. This
mixture was cooled to room temperature. The separated
organic layer was dried on magnesium sulfate and concen-
trated. Thereafter, it was recrystallized on chloroform and
methyl alcohol to obtain the compound C-2 (5.86 g, 40%).

Preparation Example 8

Preparation of the Compound 1-61

The compound C-2 (5.86 g, 8.0 mmol) that was manufac-
tured in Preparation Example 7, the compound S-5 (3.65 g,
8.0 mmol), and potassium phosphate (K;PO,, 3.39 g, 16.0
mmol) were suspended in the mixture of THF (100 mL.) and
water (100 mL). To the suspension solution, tetrakis(triph-
enylphosphine)palladium (200 mg, 0.173 mmol) was
applied. The mixture was refluxed and agitated for about 24
hours, and the refluxed mixture was cooled to room tempera-
ture. The organic material layer was separated, washed with
water, and the aqueous layer was extracted with chloroform.
The organic extract was dried on magnesium sulfate and
recrystallized on THF/ethyl acetate to obtain the compound
1-61 (5.25 g, 86%).

[M+H]+=759

Preparation Example 9

Preparation of the Compound 1-6

The compound 1-6 (6.9 g, 91%) was manufactured by
using the same method as Preparation Example 5, except that
the compound S-6 (5.1 g, 10.0 mmol) was used instead of the
compound S-4 in Preparation Example 5.

MS: [M+H]+=759
Preparation Example 10

Preparation of the Compound 1-7

The compound 1-7 (4.8 g, 73%) was manufactured by
using the same method as Preparation Example 5, except that
the compound S-7 (4.4 g, 8.7 mmol) was used instead of the
compound S-4 in Preparation Example 5.

MS: [M+H]+=759
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Preparation Example 11 -continued

Preparation of the Compound 1-14 Q

The compound 1-14 (7.3 g, 89%) was manufactured by 3

using the same method as Preparation Example 5, except that
the compound S-8 (4.2 g, 12.0 mmol) was used instead of the N N
compound S-4 in Preparation Example 5. E

MS: [M+H]+=683
EXAMPLE

Examples 1-1

[NPB]

A glass substrate on which a thin film of ITO (indium tin P

oxide) was coated to a thickness of 1,500 A was immersed in
distilled water having a detergent dissolved therein to wash
the substrate with ultrasonic waves. At this time, the detergent
as used herein was a product commercially available from
Fisher Co. and the distilled water was one which had been
twice filtered by using a filter commercially available from
Millipore Co. ITO was washed for 30 minutes, and then
washing with ultrasonic waves was repeated twice for 10
minutes by using distilled water. After the completion of
washing with distilled water, washing with ultrasonic waves
was subsequently carried out by using solvents such as iso-
propyl alcohol, acetone and methanol, the resultant product
was dried, and transported to the plasma washing machine. In
addition, the substrate was washed by using the oxygen
plasma for 5 min, and the substrate was transported to the
vacuum deposition machine.

On the ITO transparent electrode thus prepared, hexanitrile
hexaazatriphenylene was coated to thicknesses of 500 A by
thermal vacuum deposition to form a hole injecting layer.
After NPB (400 A) that was the hole transport material was
deposited under the vacuum state thereon, the host compound
1-18 and the dopant D1 compound were deposited under the
vacuum state in a thickness of 300 A as a light emitting layer.
The electron injection and transport layers were formed by
depositing the following E1 compound on the light emitting
layer under the vacuum in a thickness of 200 A. On the
electron injection and transport layer, lithium fluoride (LiF)
in a thickness of 12 A and aluminum in a thickness of 2,000
A were subsequently deposited to form a cathode. In the
above process, the deposition speed of the organic substance
was maintained at 1 A/sec, that of lithium fluoride was main-
tained at 0.2 A/sec, and that of aluminum was maintained at 3
to 7 A/sec. Properties of the manufactured organic light emit-
ting device were evaluated, and the results are described in the 0 N
following Table 7.

20

25

35

40

45

Z x
I\ | F 60

CN

[hexanitrile hexaazatriphenylene]



US 9,200,196 B2

195
Examples 1-2 to 1-5

The organic light emitting device was manufactured by
using the same method as Example 1-1, except that the com-
pounds 1-61, 1-6, 1-7 or 1-14 described in the following Table
7 were deposited instead of the compound 1-18. In the above
process, the deposition speed of the organic substance was
maintained at 1 A/sec, that of lithium fluoride was maintained
at 0.2 A/sec, and that of aluminum was maintained at 3 to 7
A/sec. Properties of the manufactured organic light emitting
device were evaluated, and the results are described in the
following Table 7.

Comparative Example 1-1

The organic light emitting device was manufactured by
using the same method as Example 1-1, except that the fol-
lowing compound H1 was used instead of the compound
1-18, properties thereof were evaluated, and the results
thereof are described in the following Table 7.

TABLE 7
[H1]
Driving  Current
Example Host Dopant voltage efficiency Color coordinate

50 mA/em® material material (V) (cd/A) (x,¥)
Example 1-1  1-18 D1 7.40 2242 (0.303, 0.655)
Example 1-2  1-61 D1 7.79 24.92 (0.314, 0.650)
Example 1-3  1-6 D1 7.86 26.74 (0.314, 0.650)
Example 1-4  1-7 D1 7.80 25.11 (0.314, 0.650)
Example 1-5  1-14 D1 8.05 23.06 (0.314, 0.650)
Comparative ~ H1 D1 8.22 2245 (0.314,0.652)
Example 1-1

From the results of Table 7, it can be seen that the organic
electronic device comprising the compound according to the
present invention has excellent properties in terms of effi-
ciency, driving voltage, and stability.

Examples 2-1 to 2-3

The organic light emitting device was manufactured by
using the same method as Example 1-1, except that the com-
pounds 1-6, 1-7 or 1-14 described in the following Table 8
were used instead of the compound 1-18 as the host material
and the following Formula D2 was used as the dopant in
Example 1-1.
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Comparative Example 2-1

The organic light emitting device was manufactured by
using the same method as Example 1-1, except that the fol-
lowing Formula H2 was used instead of the compound 1-18 as
the host material and the following Formula D2 was used as
the dopant in Example 1-1.

TABLE 8

[H2]

[(b2]

09"

Driving  Current
Example Host Dopant voltage efficiency Color coordinate
50 mA/em® material material (V) (cd/A) (x,¥)
Example 2-1  1-6 D2 6.2 5.3 (0.134,0.177)
Example 2-2  1-7 D2 6.1 5.6 (0.134,0.178)
Example 2-3  1-14 D2 6.3 5.5 (0.134,0.179)
Comparative H2 D2 6.9 5.2 (0.134,0.187)

Example 2-1

From the results of Table 8, it can be seen that the organic
electronic device comprising the compound according to the
present invention has excellent properties in terms of effi-
ciency, driving voltage, and stability.
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The invention claimed is:
1. A compound that is represented by the following For-
mula 1:

[Formula 1]
R1
R2

R3
R4
R5 R7

R6 X

wherein

R1 is selected from the group consisting of substituted or
unsubstituted C,~C,,, alkyl group; substituted or unsub-
stituted C;~C,,, cycloalkyl group; substituted or unsub-
stituted C,~C,, heterocycloalkyl group; substituted or
unsubstituted C,~C,, alkenyl group; substituted or
unsubstituted amino group; substituted or unsubstituted
C¢~C,, aryl group; substituted or unsubstituted C;~C,,
heteroaryl group that comprises O or S as a heteroatom;
and substituted or unsubstituted C;~C,, heteroary-
lamine group that comprises O or S as a heteroatom,

R2 is selected from the group consisting of substituted or
unsubstituted C,~C,, alkyl group; substituted or unsub-
stituted C;~C,,, cycloalkyl group; substituted or unsub-
stituted C;~C,, heterocycloalkyl group; substituted or
unsubstituted C,~C,, alkenyl group; substituted or
unsubstituted C,~C,, alkoxy group; substituted or
unsubstituted amino group; substituted or unsubstituted
C¢~C,, aryl group; substituted or unsubstituted C;~C,,
heteroaryl group that comprises O or S as a heteroatom;
substituted or unsubstituted Cs~C,, arylamine group;
and substituted or unsubstituted C;~C,, heteroary-
lamine group that comprises O or S as a heteroatom,

R3 to R4 and R6 to R7 are each independently selected
from the group consisting of hydrogen; substituted or
unsubstituted C,~C,,, alkyl group; substituted or unsub-
stituted C;~C,,, cycloalkyl group; substituted or unsub-
stituted C,~C,,,, heterocycloalkyl group that comprises
O, N, or S as a heteroatom; substituted or unsubstituted
C,~C,, alkenyl group; substituted or unsubstituted
C,~C,, alkoxy group; substituted or unsubstituted
amino group; substituted or unsubstituted C,~C,, aryl
group; substituted or unsubstituted C;~C,, heteroaryl
group that comprises O, N, or S as a heteroatom; substi-
tuted or unsubstituted Cs~C,, arylamine group; and
substituted or unsubstituted C;~C,, heteroarylamine
group that comprises O, N, or S as a heteroatom, and
may form an aliphatic, aromatic, heteroaliphatic or het-
eroaromatic condensate ring or a spiro bond in conjunc-
tion with an adjacent group,

RS is selected from the group consisting of hydrogen;
substituted or unsubstituted C,~C,,,, alkyl group; substi-
tuted or unsubstituted C;~C,,, cycloalkyl group; substi-
tuted or unsubstituted C,~C,, heterocycloalkyl group
that comprises O, N, or S as a heteroatom; substituted or
unsubstituted C,~C,, alkenyl group; substituted or
unsubstituted amino group; substituted or unsubstituted
C¢~C,, aryl group; substituted or unsubstituted C;~C,,
heteroaryl group that comprises O, N, or S as a heteroa-
tom; substituted or unsubstituted Cs~C,, arylamine
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group; and substituted or unsubstituted C;~C,, het-
eroarylamine group that comprises O, N, or S as a het-
eroatom, and may form an aliphatic, aromatic, het-
eroaliphatic or heteroaromatic condensate ring or a spiro
bond in conjunction with an adjacent group,

X is selected from the group consisting of hydrogen; sub-
stituted or unsubstituted C,~C,,, alkyl group; substituted
orunsubstituted C;~C,, cycloalkyl group; substituted or
unsubstituted C,~C,,, heterocycloalkyl group that com-
prises O, N, or S as a heteroatom; substituted or unsub-
stituted C,~C,, alkenyl group; substituted or unsubsti-
tuted C;~C,, heteroaryl group that comprises O or S as
a heteroatom; and substituted or unsubstituted C;~C,,
heteroarylamine group that comprises O or S as a het-
eroatom, and may form an aliphatic, aromatic, het-
eroaliphatic or heteroaromatic condensate ring or a spiro
bond in conjunction with an adjacent group, and

all of R3 to R7, and X are not hydrogen.

2. The compound according to claim 1, whereininR2 to R4
and R6 to R7, in the case of when alkyl group, cycloalkyl
group, heterocycloalkyl group, alkenyl group, alkoxy group,
amino group, aryl group, heteroaryl group, arylamine group
and heteroarylamine group are substituted by the other func-
tional group, they are substituted by one or more groups
selected from the group consisting of halogen, deuterium,
amino group, nitrile group, nitro group, C,~C,, alkyl group,
C,~C,, alkenyl group, C,~C,, alkoxy group, C;~C,,
cycloalkyl group, C,~C,, heterocycloalkyl group that com-
prises O, N, or S as a heteroatom, C,~C,, aryl group and
C,~C,, heteroaryl group that comprises O, N, or S as a het-
eroatom,

in R5, in the case of when alkyl group, cycloalkyl group,
heterocycloalkyl group, alkenyl group, amino group,
aryl group, heteroaryl group, arylamine group and het-
eroarylamine group are substituted by the other func-
tional group, they are substituted by one or more groups
selected from the group consisting of halogen, deute-
rium, amino group, nitrile group, nitro group, C,~C,,
alkyl group, C,~C,, alkenyl group, C,~C,, alkoxy
group, C;~C,, cycloalkyl group, C,~C,, heterocy-
cloalkyl group that comprises O, N, or S as a heteroatom,
C¢~C,, aryl group and C;~C,, heteroaryl group that
comprises O, N, or S as a heteroatom, and

in R1 and X, in the case of when alkyl group, cycloalkyl
group, heterocycloalkyl group, alkenyl group, amino
group, aryl group, heteroaryl group and heteroarylamine
group are substituted by another functional group, they
are substituted by one or more groups that are selected
from the group consisting of halogen, deuterium, nitrile
group, nitro group, C,~C,, alkyl group, C,~C,,, alkenyl
group, C,~C,, alkoxy group, C;~C,, cycloalkyl group,
C,~C,, heterocycloalkyl group that comprises O, Nor S
as a heteroatom, C,~C,,, aryl group and C;~C,, het-
eroaryl group that comprises O or S as a heteroatom.

3. The compound according to claim 1, wherein R1 is
selected from the group consisting of substituted or unsubsti-
tuted C4~C,,, aryl group; substituted or unsubstituted C;~C,,,
heteroaryl group that comprises O or S as a heteroatom; and
substituted or unsubstituted C;~C,,, heteroarylamine group
that comprises O or S as a heteroatom,

R2 is selected from the group consisting of substituted or
unsubstituted C,~C,, aryl group; substituted or unsub-
stituted C;~C,, heteroaryl group that comprises O, N or
S as a heteroatom; substituted or unsubstituted Cs~C,,,
arylamine group; and substituted or unsubstituted
C;~C,, heteroarylamine group that comprises O, N or S
as a heteroatom.
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4. The compound according to claim 1, wherein R1 is
selected from the group consisting of C,~C,, aryl group;
C¢~C,q aryl group that is substituted by C,~C,, aryl group or
C;~C,, heteroaryl group that comprises O or S as a heteroa-
tom; and C;~C,, heteroaryl group that is substituted by
C~C,qaryl group and comprises O or S as a heteroatom, and

R2 is selected from the group consisting of C~C,, aryl
group; Cs~C,, aryl group that is substituted by C4,~C,,
aryl group, C;~C,, heteroaryl group that comprises O, N
or S as a heteroatom or Cs~C,, arylamine group;
C;~C, heteroaryl group that is substituted by C4~C,,
aryl group and comprises O, N or S as a heteroatom; and
C¢~C,, arylamine group.
5. The compound according to claim 1, wherein R1 is
selected from the group consisting of the substituent groups
that are represented by the following structural formulas:

ooy
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6. The compound according to claim 1, wherein R2 is
selected from the group consisting of the substituent groups
that are represented by the following structural formulas: 50
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7. The compound according to claim 1, wherein R3 to R7
are hydrogen.
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8. The compound according to claim 7, wherein X is
selected from the group consisting of substituted or unsubsti-
tuted C;~C,, heteroaryl group that comprises O or S as a
heteroatom; and substituted or unsubstituted C;~C,, het-
eroarylamine group that comprises O or S as a heteroatom.

9. The compound according to claim 7, wherein X is
C;~C, heteroaryl group that is substituted by Cs~C, aryl
group and comprises O or S as a heteroatom.

10. The compound according to claim 7, wherein X is
selected from the group consisting of the substituent groups
that are represented by the following structural formula:
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11. The compound according to claim 1, wherein four of
R3 to R7 and X are hydrogen.

12. The compound according to claim 11, wherein the
substituent group except for hydrogen among R3 to R7 is
selected from the group consisting of substituted or unsubsti-
tuted C4~C,,, aryl group; substituted or unsubstituted C;~C,,,
heteroaryl group that comprises O, N or S as a heteroatom;
substituted or unsubstituted Cs~C,,, arylamine group;

and substituted or unsubstituted C;~C,, heteroarylamine
group that comprises O, N or S as a heteroatom.

13. The compound according to claim 11, wherein the
substituent group except for hydrogen among R3 to R7 is
selected from the group consisting of C,~C,, aryl group;
C¢~C, aryl group that is substituted by C,~C,, aryl group,
C;~C,, heteroaryl group that comprises O, N or S as a het-
eroatom or Cs~C,, arylamine group; C;~C,, heteroaryl
group that is substituted by C~C,, aryl group and comprises
O, N or S as a heteroatom; and C,~C,, arylamine group.

14. The compound according to claim 11, wherein the
substituent group except for hydrogen among R3 to R7 is
selected from the group consisting of the substituent groups
that are represented by the following structural formulas:
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15. The compound according to claim 1, wherein R1 is
selected from the group consisting of C,~C,, aryl group;
C¢~C,, aryl group that is substituted by C,~C,,, aryl group or
C;~C,, heteroaryl group that comprises O or S as a heteroa-
tom; and C;~C,, heteroaryl group that is substituted by
C¢~C,, aryl group and comprises O or S as a heteroatom; R2
is selected from the group consisting of C,~C,, aryl group;
C¢~C, aryl group that is substituted by C,~C,, aryl group,
C,~C,, heteroaryl group that comprises O, N or S as a het-
eroatom or Cs~C,, arylamine group; C;~C,, heteroaryl
group that is substituted by C~C,, aryl group and comprises
O, N or S as a heteroatom; and C,~C,, arylamine group;

RS is selected from the group consisting of C~C,, aryl

group; C,~C,, aryl group that is substituted by C,~C,,
aryl group, C;~C,, heteroaryl group that comprises O, N
or S as a heteroatom or Cs~C,, arylamine group;
C,~C,, heteroaryl group that is substituted by C,~C,,
aryl group and comprises O, N or S as a heteroatom; and
C¢~C,, arylamine group, and

R3, R4, R6, R7 and X are hydrogen.

16. An organic electronic device which comprises a first
electrode, a second electrode, and one or more organic mate-
rial layers that are disposed between the first electrode and the
second electrode, wherein one or more layers of the organic
material layers comprise the compound according to claim 1.

17. The organic electronic device according to claim 16,
wherein the organic material layer comprises at least one
layer of a hole injection layer and a hole transport layer, and
at least one layer comprises the compound that is represented
by Formula 1.

18. The organic electronic device according to claim 16,
wherein the organic material layer comprises a light emitting
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layer, and the light emitting layer comprises the compound
that is represented by Formula 1.

19. The organic electronic device according to claim 16,
wherein the organic material layer comprises an electron
transport layer, and the electron transport layer comprises the 5
compound that is represented by Formula 1.

20. The organic electronic device according to claim 16,
wherein the organic electronic device is selected from the
group consisting of an organic light emitting device, an
organic solar cell, an organic photoconductor (OPC), and an 10
organic transistor.



